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Abstract— The outdoor insulator is exposed to the surface 
degradation due to the continuous electrical and environmental 
stresses. The contaminant flow due to the pollution that mixed 
with water like dew or rainwater will provide a conductive path 
that allowed the leakage current flow. This leakage current flow 
will heat-up the insulator surface and causing the formation of 
carbonize path due to the surface discharge. Thus, leakage 
current measurement had been widely used in the monitoring of 
surface discharge phenomena and to understand the insulator 
surface condition. However, study on the physical process of 
discharge phenomenon that leads to the conductive path and 
breakdown on the insulator are not well concerned and 
understood. Therefore, this study is concerned with modelling 
of surface discharge on the contaminated surface of insulator 
including the charge transport and generation mechanism. This 
model is used electro-migration model and considered the 
electric field dependent molecular ionization as the generation 
mechanism of charge carriers. The charge carrier generation 
and transport mechanism are accounted with the Nernst Planck 
theory to model the behaviour of the charge carriers while 
Poisson’s equation is used to determine the distribution of 
electric field on the insulator surface. A mathematical model of 
surface discharge on the insulator based on the Nernst Planck 
Theory is then discussed. 
 
Index Terms— Electric Discharge; Leakage Current; 
Nernst’s Planck equation. 
 
I. INTRODUCTION 
 
The insulation is the most important part of the high voltage 
application and can be exposed to some stresses like 
mechanical, thermal, electrical and environmental stress that 
acts permanently or temporary. Each stress will give the 
difference effect of the deterioration and ageing effect to the 
insulators. A study is conducted by Rusu-Zagaret. al. [1], has 
shown that insulation suffers more pronounced ageing under 
the action of multifactor stresses. This result showed that 
precaution action must be taken in order to reduce the failure 
factor of insulation by the presence of the stresses. The good 
insulator must be able to avoid the flow of current to the 
undesired path. 
Furthermore, the stress could exceed the electrical strength 
of air and spark occurred, causing discharges along small 
portions of the insulation. This discharge can lead to the 
formation of carbonized path and tracking between the high 
voltage electrode and the ground electrode due to the heat 
generated on the surface of the insulator due to the flow of 
leakage current. Although the leakage current flow is quite 
small, the long-term of leakage current flow due to the 
contaminant flow may lead to the insulator degradation. The 
increasing of the leakage current would cause the dry band 
formation and the development of arcing [2]. The 
development of the arcing then leads to the probability of 
flashover on the insulator. Thus, the good insulator must be 
able to prevent the flow of current to the undesired path. 
In order to understand the propagation of the surface 
discharge on the insulator, the mechanism for the charge 
carrier generation and transportation must be known. There 
are several types of mechanisms for the charge carrier 
generation and transportation that can lead to the breakdown 
of the insulators. Apart of the mechanism that involves in the 
charge carrier generation are the impact ionization [3], field 
emission [4], secondary electron emission [5], ionic 
dissociation [6] and molecular ionization [7].  Besides that, 
recombination of free charge carriers like electrons, positive 
ions, and negative ions with each other and the surrounding 
media also can give the contribution in the charge carrier 
generation on the insulator surface [4]. There are possibilities 
of positive ion/negative ion recombination, positive 
ion/electron recombination and electron attachment to the 
neutral molecule can occur. The electrons attachment with 
neutral molecules will generate negative ions and reduce the 
number of electrons[4]. 
Therefore, by modelling the leakage current on the 
contaminated surface of the insulator including the surface 
discharge activities can give the benefit in order to prevent the 
failure in the system. This model has included the charge 
transport continuity equation by using electro-migration 
model and generation mechanism of electric field dependent 
molecular ionization. For the charge transport continuity 
equation, Nernst Planck theory can be used to understand the 
charge carrier behavior on the insulator [8] and this equation 
will be coupled with Poisson’s equation to determine the field 
distribution. 
 
II. SURFACE DISCHARGE 
 
For the initial phase of surface flashovers, streamer 
discharges can be stated as the main factors of the flashovers 
occurred [9]. This flashover can cause the failure of the high 
voltage equipment by the formation of conductive path from 
the streamer development. Electric discharge also can be 
contributed to the high amplitude of the leakage current and 
the formation of streamer on the dielectric surface. Therefore, 
there are many studies that were correlated the discharge 
phenomena with the insulator breakdown. Lee et. al. [10], 
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examined the initiation and propagation of surface discharge 
of solid insulator that immersed in a liquid insulator. In this 
study, when the surface discharge propagates to the grounded 
electrode, the total current was increased abruptly. The 
discharge can continue to occur until the conductive path are 
formed and lead to the flashover and breakdown of solid-
liquid insulator [8]. In the study for the outdoor insulator, it 
was shown that the flow of leakage current might heat up the 
insulator surface and lead to the formation of dry-band. Thus, 
the surface discharge activities will cause the formation of 
carbonize path and tracking on the surface of the insulator and 
caused deterioration of the insulator [11]. 
Leakage current measurement is widely used as the 
parameters to indicate the deterioration and condition of the 
insulators [12],[13]. Meanwhile, from the study that 
conducted by Zhichenget. al. [14], it is shown that there is a 
strong relation between discharge phenomenon and leakage 
current. When there is heavy pollution, strong discharge 
occurs and leads to the high amplitude of the leakage current. 
Therefore, leakage current measurement has been widely 
used in order to study and analyse the surface discharge 
phenomenon for the outdoor insulator [15],[16]. The 
magnitude of leakage current was seen proportional to the 
carbon path development due to the intense surface discharge 
activities [13]. Piahet. al., [15] showed that the characteristics 
of surface discharge are determined by the amount of leakage 
current that flows on the insulator surface. Equivalent circuit 
model is one of the techniques to model the surface discharge 
in order to understand and predict the discharge activities 
when a leakage current occurs. A work was done by 
Waluyoet. Al. [17], investigated several equivalent circuits in 
which representing the insulators under three different 
conditions (clean, polluted and polluted with dry-band 
discharge). 
 
A. Charge Transport Continuity Equation 
In order to model the leakage current on the contaminated 
surface of the insulator, the charge transport continuity 
equation accounted the Nernst Planck theory was used to 
model the behaviour of the charge carrier transport like 
positive ions, negative ions and electrons in the insulator 
system. Generally, the charge transport continuity equation 
can be written as [4] shown in equation (1): 
 
𝜕𝑁𝑖
𝜕𝑡
+ ∇. 𝐽𝑖 =  𝐺𝑖 − 𝑅𝑖 (1) 
 
where𝑖 = 𝑛, 𝑝, 𝑒 indicate the species of the charge; positive 
ion, negative ion and electron respectively in the dielectric 
system. 𝐽𝑖[𝑚𝑜𝑙.𝑚
−2. 𝑠−1]is a total current density due to the 
movement of each species 𝑖 across the electrode at distance 
𝑥 [𝑚], 𝑁𝑖[𝑚𝑜𝑙.𝑚
−3] is the concentration of each charge 
carrier, 𝐺𝑖[𝑚𝑜𝑙.𝑚
−3. 𝑠−1] is the generation rate and 
𝑅𝑖[𝑚𝑜𝑙.𝑚
−3. 𝑠−1] is the recombination rate of the ions 
species. 
The total current density, 𝐽𝑖 in equation (1) can be written 
as follows: 
 
𝐽𝑖 = −(𝐷𝑖
𝜕𝑁𝑖
𝜕𝑥
±
𝑧𝑖𝐹
𝑅𝑇
𝐷𝑖𝑁𝑖
𝜕∅
𝑑𝑥
+ 𝑁𝑖𝑣) (2) 
 
where 𝐷𝑖[𝑚
2. 𝑠−1], 𝑧𝑖 and 𝑁𝑖[𝑚𝑜𝑙.𝑚
−3] are the diffusion 
coefficient, the valence and the concentration for the species 
𝑖 respectively, v [𝑚. 𝑠−1] is the rate with which a volume 
element moves in solution; 
𝜕𝑁𝑖
𝜕𝑥
 is the concentration gradient; 
and 
𝜕∅
𝑑𝑥
 is the potential gradient. The diffusion coefficient can 
be described as 𝐷𝑖 = 𝜇𝑖
𝑅𝑇
𝐹
. 𝑅is the gas constant 
(8.31440 𝐽. 𝑚𝑜𝑙−1. 𝐾−1), 𝑇 is the temperature (296.15𝐾) and 
𝐹is the Faraday constant (96485.3𝐶.𝑚𝑜𝑙−1). The ± sign in 
equation (2) accounts for the direction of charge migration, 
whereby the + sign is used for positive ion and − is used for 
negative ion and electron. The first term on the right hand side 
of equation (2) represent the Fick’s law equation which 
related to the diffusion of ion due to the concentration 
gradient, the second term accounts for the migration of the 
ion species in the presence of electric field and the last term 
represents the convection movement of the ion species 
induced by the bulk fluid motion, concentration gradients or 
velocity of the fluid [18]. 
In order to determine the electric field distribution, the 
charge transport continuity equation for each charge obeys 
Poisson’s equation [19] as shown in equation (3): 
 
∇. (−𝜀0𝜀𝑟?⃑? ) = (𝑁𝑝 − 𝑁𝑛 − 𝑁𝑒)𝑞𝑁𝐴 (3) 
 
where ?⃑? [𝑉.𝑚−1] is the electric field vector, 𝜀0[𝐹.𝑚
−1] is 
permittivity of free space charge, 𝜀𝑟is relative permittivity of 
material, 𝑁𝑝, 𝑁𝑛, 𝑎𝑛𝑑 𝑁𝑒 are the density of each charge 
carrier determined from the charge transport continuity in 
equations (1), 𝑞 [𝐶] is the elementary charge and 𝑁𝐴 [𝑚𝑜𝑙
−1] 
is the Avogadro’s number. 
 
B. Charge Generation Mechanism 
Charge generation mechanism of electric field dependent 
molecular ionization was used in the modelling of leakage 
current on the contaminated surface of the outdoor insulator 
in the presence of surface discharge. Electric field dependent 
molecular ionization is a direct ionization mechanism that 
extracts an electron from the neutral molecule and then 
generating free electron and positive ion [7]. Zener theory [7] 
of tunneling electron in solid that was correlated with 
molecular ionization mechanism in the presence of high 
electric field was used in the modelling of leakage current on 
the insulator surface with the presence of surface discharge. 
This theory had been used by the researchers [20],[21] 
because this mechanism is well suited to model the streamer 
propagation and electric field distribution along the surface 
of oil/pressboard interface.  Hence, the ionization rate [4] can 
be expressed as shown in equation (4): 
 
𝐺|?⃑? | =  𝛼𝐼𝑒𝑥𝑝(−𝛽𝐼) (4) 
 
where 𝑞 is the electronic charge, 𝑎 is the molecular 
separation, |?⃑? | is the magnitude of electric field, ℎ is the 
Planck’s constant, 𝑚∗ is the effective electron mass, ∆ is the 
molecular ionization potential and 𝑁0 is the density of 
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ionizable charge. Where, 𝛼𝐼 =
𝑞2𝑁0𝑎|?⃑? |
ℎ
and 𝛽𝐼 =
𝜋2𝑚∗𝑎∆2
𝑞ℎ2|?⃑? |
. 
From the electric field dependent molecular ionization, 
electron and positive ion are extracted from a neutral 
molecule when there are given high electric field. Thus, the 
charge generation term for positive ion and electron in 
equation (1) can be expressed same as equation (4). 
Meanwhile, for negative ion, the charge generation 
mechanism is the electron attachment to the neutral 
molecules. This is because by the electric field molecular 
ionization, only electron and positive ion will be extracted 
from the neutral molecule. This mechanism is suitable for the 
modeling of the leakage current on the contaminated surface 
of the insulator due by the flowing of the contaminant along 
the insulator surface; the electric field distribution will be 
propagating from the high voltage electrode to the ground 
electrode. 
Besides charge generation, charge recombination between 
the free charge carriers with each other and surrounding 
media was also contributed to the charge generation. Based 
on equation (1), there are two recombination rate for positive 
ion, which is the recombination of electron/positive ion 
recombination (𝑅𝑝𝑒) and positive/negative ion recombination 
(𝑅𝑝𝑛). For the negative charge, there is a recombination of 
positive/negative ion recombination (𝑅𝑝𝑛). Lastly for the 
electron, there are two recombination rate occur that are 
electron/positive ion recombination (𝑅𝑝𝑒) and electron 
attachment(𝐸𝐴). 
The charge recombination rate can be written as: 
 
𝑅𝑝𝑒 = 𝑁𝑝𝑁𝑒𝐾𝑟𝑝𝑒𝑅𝑝𝑛 = 𝑁𝑝𝑁𝑛𝐾𝑟𝑝𝑛𝐸𝐴 =
𝑁𝑒
𝜏𝑎
 (5) 
 
where, 𝐾𝑟𝑝𝑛 𝑎𝑛𝑑 𝐾𝑟𝑝𝑒 are recombination coefficient of 
positive ion/negative ion and positive ion/ electron 
respectively and 𝜏𝑎is the electron attachment time constant. 
The recombination coefficient can be expressed by using 
Langevin’s relation that based on the diffusion equation 
[4],[22] as follows: 
 
𝐾𝑟𝑝𝑛 =
𝑞(𝜇𝑝 + 𝜇𝑛)
𝜀𝜀0
𝐾𝑟𝑝𝑒 =
𝑞(𝜇𝑝 + 𝜇𝑒)
𝜀𝜀0
 (6) 
 
where,  𝜇𝑝, 𝜇𝑛, 𝑎𝑛𝑑 𝜇𝑒 is the mobility of positive ion, 
negative ion and electron respectively, , 𝜀0 𝑎𝑛𝑑 𝜀 is an 
elementary charge, relative permittivity and permittivity of 
free space charge respectively. 
III. PHYSICAL MODEL OF SURFACE DISCHARGE ACTIVITIES 
The physical model based on the practical problems of 
leakage current on the contaminated surface of artificially 
polluted insulation was established. It had been assumed that 
the surface discharge process was occurred along the 
insulator surface. Physical model in this modelling was 
involved the mechanism of charge transport based on electro-
migration term and charge generation due to the electric field 
molecular ionization, recombination and electron attachment 
as had been discussed earlier. In order to model 1 dimensional 
model of the leakage current on the surface of the outdoor 
insulator, there are two part that must be understood. There 
are governing equations and boundary condition for the 
model. The schematic diagram of the contaminated surface of 
high voltage insulator was shown in Figure 1. Based on this 
figure, the contaminant flow on the surface of the solid 
insulator will be causing the insulator to become conductive. 
The contaminant flow can cause the conducting path for the 
leakage current flow along the insulator surface. Meanwhile, 
from the studies about the surface discharge on the outdoor 
insulator, the formation of carbonization path are occurred 
due to the drying out process by the flow of leakage current 
[11] and lead to the flashover and breakdown of solid-liquid 
insulator [8]. 
 
 
 
Figure 1: Schematic diagram of contaminated surface of high voltage 
insulator 
 
A. Charge Transport Continuity Equation 
In order to model the leakage current on the contaminated 
surface of the outdoor insulator that involves the surface 
discharge activities, the charge transport continuity equations 
accounted the Nernst Planck theory was used. In the charge 
continuity equation, the generation rate, recombination rate 
and electron attachment as mentioned before in equation (4)-
(5) were substituted into equation (1) and can be written as 
equation (7)-(8):  
 
𝜕𝑁𝑝
∗
𝜕𝑡∗
− ∇∗. (𝐷𝑝∇𝑁𝑝
∗ + 𝑁𝑝𝜇𝑝∇𝑉
∗)
= 𝛼𝐼
∗𝑒𝑥𝑝(−𝛽𝐼
∗) − 𝑁𝑝𝑁𝑛𝐾𝑟𝑝𝑛
∗
− 𝑁𝑝𝑁𝑒𝐾𝑟𝑝𝑒
∗ 
(7) 
𝜕𝑁𝑛
∗
𝜕𝑡∗
− ∇∗. (𝐷𝑛∇𝑁𝑛
∗ − 𝑁𝑛𝜇𝑛∇𝑉
∗) =
𝑁𝑒
∗
𝜏𝑎∗
− 𝑁𝑝𝑁𝑛𝐾𝑟𝑝𝑛
∗ (8) 
𝜕𝑁𝑒
∗
𝜕𝑡∗
− ∇∗. (𝐷𝑒∇𝑁𝑒
∗ − 𝑁𝑒𝜇𝑒∇𝑉
∗)
= 𝛼𝐼
∗𝑒𝑥𝑝(−𝛽𝐼
∗) − 𝑁𝑝𝑁𝑒𝐾𝑟𝑝𝑒
∗ −
𝑁𝑒
∗
𝜏𝑎∗
 
(9) 
 
Note that the symbol of ‘*’ represents the dimensional 
variables. 
In this model, the total current density only considered the 
diffusion-migration term of each charge carrier due to the 
influence of high electric field and the concentration gradient 
on the surface of the contaminated insulator. Meanwhile, the 
convection term in equation (2) is neglected because, in this 
modelling, the contamination flow rate will be assumed 
constant. However, in the case for the high electric field 
influence, researchers had been only considered the migration 
term in the charge continuity equations. Such as Hwang et. 
al., in the study of a mechanism for positive streamer, only 
migration term had been considered. This is due to the high 
electric field applied in the system [23]. Meanwhile, Sullivan 
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et. al., in their study on the effect of ionic dissociation on 
charge transport in transformer oil also only considered the 
migration term [24]. 
For the electric field equation, it can be expressed as, ?⃑? =
−∇𝑉, where 𝑉 is the electric potential. Thus, to determine the 
electric field distribution, the Poisson’s equation was used 
and can be expressed as [19]: 
 
∇. (𝜀0𝜀𝑟∇𝑉
∗) = (𝑁𝑝
∗ − 𝑁𝑛
∗ − 𝑁𝑒
∗)𝑞𝑁𝐴 (10) 
 
where 𝑉[𝑉.𝑚−1] is the electric potential, 𝜀0[𝐹.𝑚
−1] is 
permittivity of free space charge, 𝜀𝑟is relative permittivity of 
material, 𝑁𝑝, 𝑁𝑛, 𝑎𝑛𝑑 𝑁𝑒 are the concentration of each charge 
carrier, 𝑞 [𝐶] is the elementary charge and 𝑁𝐴 [𝑚𝑜𝑙
−1] is the 
Avogadro’s number. In order to determine the conduction 
current, the sum of integral of total current density was used 
as: 
 
𝐼 = ∫(𝐽𝑝⃑⃑  ⃑ + 𝐽𝑛⃑⃑  ⃑ + 𝐽𝑒⃑⃑⃑  ) 𝑑𝑥 (11) 
 
where𝑥 is the distance between highvoltage electrode and 
ground electrode and 𝐽𝑖 is the current density. 
B. Boundary Conditions 
The boundary condition that will be applied to the surface 
discharge model can be expressed as: 
Poisson’s equation: The high voltage electrode was set to a 
supply voltage 𝑉0 at the boundary of 𝑥 = 0. This boundary 
was supplied with DC voltage. Meanwhile, for the ground 
voltage at 𝑥 = 𝑑, it was set to zero normal electric field 
component. 
 
(𝑉)𝑛
^ = 𝑉0     ,     𝑎𝑡 𝑥 = 0 (12) 
(𝑉𝑖) = 0     ,     𝑎𝑡 𝑥 = 𝑑𝑛
^  (13) 
 
Charge Transport Continuity Equations: The boundary 
equation at the high voltage electrode and the ground 
electrode are set to zero normal flux as follow: 
 
(∇𝑁𝑖) = 0𝑛
^    𝑎𝑡 𝑥 = 0 𝑎𝑛𝑑 𝑥 = 𝑑 (14) 
 
For the initial guess for the electric potential, the value of 
the function of apply voltage was used. Then, that was 
assumed that the initial condition for the charge concentration 
as: 
𝑁𝑖(𝑥
∗, 0) = 𝑁0 (15) 
where𝑁0 is the initial ions concentration in the electrolyte. 
 
IV. MATHEMATICAL RESULTS 
 
All the charge continuity equation and Poisson’s equation 
was solved using a dimensionless framework to reduce the 
difficulty while doing the simulation. The appropriate scaling 
of dimensional equations to obtain the dimensionless 
equations are as follows: 
𝑉∗ = 𝑉0𝑉          ∇
∗=
∇
𝑑
𝐾𝑟𝑝𝑒
∗ = 𝐾𝑟𝑝𝑛
∗ =
𝐹𝜇𝑝
𝜀
𝐾𝑟𝑝𝑛 
𝑁∗ =
𝜀𝑉0
𝑑2
𝑁       𝜇𝑖
∗ = 𝜇𝑝𝜇𝑖𝜏𝑎
∗ =
𝑑2
𝜇𝑝𝑉0
𝜏𝑎 
(16) 
 
The timescale for the leakage current flow in the 
contaminated surface with the surface discharge activities 
was defined as: 
 
𝑡∗ =
𝑑2
𝑉0𝜇𝑝
𝑡 (17) 
 
Hence, we obtain the dimensionless parameters: 
 
Γ =
𝑅𝑇
𝐹𝑉
𝛼𝐼
∗ =
𝜇𝑝𝜀𝑉0
ℎ
𝛼𝐼𝛽𝐼
∗ =
𝑉0
𝑑
𝛽𝐼  (18) 
 
where, 𝛼𝐼 is the pre-exponential term charge generation 𝛼𝐼 =
𝑞𝑁0𝑎
ℎ
 and 𝛽𝐼 is the exponential term of the charge generation 
𝛽𝐼 =
𝜋2𝑚𝑎∆2
𝑞ℎ2
 and * sign is for the dimensional parameter in 
the equations. The dimensionless model can be expressed as 
follow: 
 
∇. (∇V) = (𝑁𝑝 − 𝑁𝑛 − 𝑁𝑒) (19) 
𝜕𝑁𝑝
𝜕𝑡
= ∇(Γ𝜇𝑝∇𝑁𝑝 + 𝑁𝑝𝜇𝑝∇𝑉) + 𝛼𝐼|∇𝑉| exp (−
𝛽𝐼
|∇𝑉|
)
− 𝑁𝑝𝑁𝑒𝐾𝑟𝑝𝑒 − 𝑁𝑝𝑁𝑛𝐾𝑟𝑝𝑛  
(20) 
𝜕𝑁𝑛
𝜕𝑡
= ∇(Γ𝜇𝑛∇𝑁𝑛 − 𝑁𝑛𝜇𝑛∇𝑉) +
𝑁𝑒
𝜏𝑎
− 𝑁𝑝𝑁𝑛𝐾𝑟𝑝𝑛 (21) 
𝜕𝑁𝑒
𝜕𝑡
= ∇(Γ𝜇𝑒∇𝑁𝑒 − 𝑁𝑒𝜇𝑒∇𝑉) + 𝛼𝐼|∇𝑉| exp (−
𝛽𝐼
|∇𝑉|
)
− 𝑁𝑝𝑁𝑒𝐾𝑟𝑝𝑒 −
𝑁𝑒
𝜏𝑎
 
(22) 
 
From the dimensionless model, each size of the 
dimensionless parameter was calculated from the actual value 
of each parameter. Based on the dimensionless model, Γ is 
the dimensionless parameter for the diffusion terms. From the 
calculation, Γ was estimated to be extremely small (10-6) by 
using the value of voltage potential 4𝑘𝑉[25]. This condition 
allows the model from equation (22)-(24) to be written 
without the diffusion term. This result is well suited with the 
previous studies [23],[24], which neglected the diffusion term 
due to the high electric field influenced. 
 
V. PATTERN OF THE SIMULATION GRAPH 
 
The simulation of the mathematical modelling is solved by 
using the method of line technique (MOL). This technique 
then is solved by using finite difference method in MATLAB 
software. Then, the results will be compared to the results 
from the previous study that was presented by Sullivan [4] 
that was modelled the propagation of streamer in transformer 
oil for study the pattern of the graph. In addition, for the 
streamer modelling, Sullivan was using the electric field 
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dependent ionization as the generation mechanism of the 
charge carrier. Figure 2 shows the comparison graph pattern 
of the electric field for streamer modelling and surface 
discharge on the insulator modelling. Figure 2(a) shows the 
electric field simulation result for the streamer development 
in the transformer oil while Figure 2(b) shows the result of 
electric field simulation for the surface discharge 
development on the insulator surface by using the 
dimensionless parameter.   
 
 
(a) Streamer development 
 
 
 
(b) Surface discharge 
 
Figure 2: Comparison graph pattern of the electric field  
 
From the Figure 2(a), it can be shown that there is the 
development of an electric field wave, which propagates from 
the needle electrode's tip towards the spherical electrode. 
Compared to the electric field graph’s pattern for the surface 
discharge on the insulator surface, the propagation of the 
electric field wave is not insignificant. This is due to the 
surface discharge activities are occurred along the surface of 
the insulator from the high voltage to the ground electrode 
compared to the transformer oil that propagates toward the 
spherical electrode. Although the pattern of the graph is much 
different but both graph showed that the electric field 
dependent ionization can be used in the modelling of the 
streamer in the transformer oil and surface discharge on the 
insulator surface. The pattern of the electric field gives the 
same results with the physical model discussed previously in 
the case of surface discharge on the insulator surface. Thus, 
this modelling is suitable for modelling the surface discharge 
on the insulator surface. 
 
VI. CONCLUSION 
 
It can be concluded that study on the physical process of 
leakage current flow that included the charge transport and 
generation is important to know the behavior of charge on the 
insulator surface that caused the deterioration of the insulator 
surface. By modelling the surface discharge on the 
contaminated surface of the insulator, the surface condition 
of the insulator will be known to prevent the system failure. 
The Nernst Planck equation had been used to describe the 
charge continuity equation and coupled with Poisson’s 
equation to determine the electric field distribution. For the 
future work, the results for the leakage current will be 
simulated in order to study the condition of the insulator 
surface.  
 
ACKNOWLEDGMENT 
 
We wish to thank the Faculty of Electrical Engineering and 
UniversitiTeknikal Malaysia Melaka (UTeM) for the help 
and support in carrying this research under the grant vote 
number PJP/2015/FKE(4C)/S01402. 
 
REFERENCES 
 
[1] C. Rusu-Zagar, P. V. Notingher, and C. Stancu, “Ageing and 
Degradation of Electrical Machines Insulation,” J. Int. Sci. Publ. 
Mater. Methods Technol., vol. 8, pp. 526–546, 2007. 
[2] N. Narmadhai and A. E. Jeyakumar, “Analysis of leakage current to 
predict insulator flashover using artificial neural network,” J. Comput. 
Sci., vol. 7, no. 2, pp. 167–172, 2011. 
[3] P. Solomon and N. Klein, “Impact Ionization in Silicon Dioxide at 
Fields in the Breakdown Range,” Solid State Commun., vol. 17, pp. 
1397–1400, 1975. 
[4] F. M. O. Sullivan, “A Model for the Initiation and Propagation of 
Electrical Streamers in Transformer Oil and Transformer Oil Based 
Nanofluids,” Massachusetts Institute of Technology, 2007. 
[5] E. M. J. Niessen, “Numerical simulation of secondary electron 
emission charging at insulator surfaces,” Int. Symp. Discharges Electr. 
Insul. Vacuum-Eindhove, vol. 1, no. 18, pp. 162–165, 1998. 
[6] L. Onsager, “Deviations from Ohm’s Law in Weak Electrolytes,” J. 
Chem. Phys., vol. 2, pp. 599–615, 1934. 
[7] C. Zener, “A Theory of the Electrical Breakdown of Solid 
Dielectrics,” Proc. R. Soc., vol. Volume 109, no. Society, The Royal 
Society, Royal Sciences, Physical, pp. 523–529, 1926. 
[8] H. Zainuddin and P.L. Lewin, “Modeling of Degradation Mechanism 
at the Oil-Pressboard Interface due to Surface Discharge,” in 
COMSOL Confference, 2015, pp. 1–22. 
[9] A. Chvyreva and A. J. M. Pemen, “Experimental Investigation of 
Electron Emission from Dielectric Surfaces Due to Primary Electron 
Beam : A Review,” IEEE Trans. Dielectr. Electr. Insul., vol. 21, no. 
5, pp. 2274–2282, 2014. 
[10] H. Lee, I. M. Kang, J. Jung, and S. Lee, “Fully Coupled Finite Element 
Analysis for Surface Discharge on Solid Insulation in Dielectric 
Liquid with Experimental Validation,” vol. 52, no. 9, pp. 4–5, 2016. 
[11] F. L. Muhamedin, M. A. M. Piah, and N. A. Othman, “Modelling on 
Tracking Test Condition of Polymer Nanocomposite using Finite 
Element Simulation,” TELKOMNIKA (Telecommunication Comput. 
Electron. Control., vol. 13, no. 4, p. 1194, 2015. 
[12] T. Suda, “Frequency characteristics of leakage current waveforms of 
an artificially polluted suspension insulator,” IEEE Trans. Dielectr. 
Electr. Insul., vol. 8, no. 4, pp. 705–709, 2001. 
[13] F. L. Muhamedin, M. A. M. Piah, N. F. Kasri, and H. Ahmad, 
“Leakage Current and Carbon Track Analysis of LLDPE-Natural 
Rubber Blends Filled with Nano Silica,” Int. J. Simulation, Syst. Sci. 
Technol., vol. 17, pp. 1–5, 2017. 
[14] G. Zhicheng, M. Yingke, W. Liming, L. Ruihai, W. Hua, and M. Yi, 
“Leakage current and discharge phenomenon of outdoor insulators,” 
Int. J. Electr. Eng. Informatics, vol. 1, no. 1, pp. 1–17, 2009. 
[15] M. A. . Piah, A. Darus, and A. Hassan, “Leakage Current and Surface 
Discharge Phenomena: Effect on Tracking and Morphological 
Properties of LLDPE-Natural Rubber Compounds,” in Properties and 
Applications of Dielectric Materials, 2003, pp. 347–350. 
[16] H. Zainuddin, P. L. Lewin, and P. M. Mitchinson, “Measurement of 
Leakage Current at the Oil-Pressboard Interface during Surface 
Discharge,” in Electrical Insulation Conference, Annapolis, 
Maryland, 2011, pp. 41–44. 
[17] Waluyo, P. M. Pakpahan, and Suwarno, “Study on the electrical 
Journal of Telecommunication, Electronic and Computer Engineering 
10 e-ISSN: 2289-8131   Vol. 10 No. 2-2  
equivalent circuit models of polluted outdoor insulators,” in IEEE 8th 
International Conference on Properties and Applications of Dielectric 
Materials, 2006, vol. 8, no. 10, pp. 546–549. 
[18] C. G. Zoski, Handbook of electrochemistry, First edit., vol. 53, no. 9. 
New Mexico, USA: Elsivier, 2007. 
[19] J. Liu, “Poisson ’ s Equation in Electrostatics,” no. March. pp. 1–7, 
2011. 
[20] J.-W. G. Hwang, “Elucidating the mechanisms behind pre-breakdown 
phenomena in transformer oil systems,” Massachusetts Institute of 
Technology, 2010. 
[21] N. Davari, P. O. Åstrand, M. Unge, L. E. Lundgaard, and D. Linhjell, 
“Field-dependent molecular ionization and excitation energies: 
Implications for electrically insulating liquids,” AIP Adv., vol. 4, no. 
3, pp. 0–13, 2014. 
[22] B. Gross, “Charge Storage and Transport in Solid Dielectrics (The 
Case of Irradiated Polymers),” Conf. Electr. Insul. Dielectr. Phenom. 
- Annu. Rep., pp. 55–70, 1978. 
[23] J. G. Hwang, M. Zahn, and L. A. A. Pettersson, “Mechanisms behind 
positive streamers and their distinct propagation modes in transformer 
oil,” IEEE Trans. Dielectr. Electr. Insul., vol. 19, no. 1, pp. 162–174, 
2012. 
[24] F. O’Sullivan et al., “Modeling the Effect of Ionic Dissociation on 
Charge Transport in Transformer Oil,” in Annual Report Conference 
on Electrical Insulation and Dielectric Phenomena, 2006, pp. 756–
759. 
[25] IEC 60587:2007, “Electrical insulating materials used under severe 
ambient conditions — Test methods for evaluating resistance to 
tracking and erosion,” 2007. 
 
